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Abstract 
Belukar Semang is a new prospect after geochemical exploration of tin mineralization located within the western Tin Belt of 
Peninsular Malaysia. The mineralization form within a thick sequence of metasedimentary rock belongs to the Baling Formation 
of Paleozoic age. The host rock of weakly metamorphosed argillite generally experienced strong tropical weathering that resulted 
in a thick sequence of light grey to light brown oxidized profiles. The mineralized veins range from simple quartz-cassiterite, 
quartz-tourmaline-cassiterite to complex quartzcassiterite-polymetallic sulphide veins. From historical mining view, this 
prospected area is closer to the Rahman Hydraulic Tin Sdn. Bhd. (RHTB) which is located at Klian Intan that is also lies within 
the Baling Formation. Geological Survey of Malaysia promising that Sungai Pong and Sungai Pahit which located  outside the 
property of RHTB has a greater potential for tin mineralization and that particular area is nearer to the Belukar Semang prospect. 
In this paper, geochemical prospecting method is used to locate the presence of the ore in the vicinity. The normal abundance of 
an element in any material where the equilibrium has not been upset by the presence of a mineral deposit is commonly referred to 
as "background”. Tin mineralization studies at Belukar Semang Prospect need to have more detailed exploration to ensure that area 
are economic to do mining. The source of tin mineralization was not well known, however, it was postulated associated with the 
magmatism that formed Triassic biotite granite batholith within the vicinity of Klian Intan. 
© 2016 The Authors. Published by Elsevier B.V. 
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1. Introduction 
Peninsular Malaysia was one of the largest and most important tin producers in the world within the South Asian 
Tin Belt up to the mid 1980’s. Since 1950, tin mining in Malaysia and Thailand is seen as a “sunset’ industry, where 
access to remaining reserves in subservient to the needs of the manufacturing and leisure sector before the collapse of 
tin-price which force the closure of many tin mines in 1985.5 Major tin production was from alluvial or placer tin 
deposits from states of Perak and Selangor. The source of many of the alluvial deposit can be traced to the primary tin 
veins and ore bodies located at contact zone of tin-bearing granites and other rocks. 25, 30 These days, the higher demand 
towards metal including tin seems to be witnessed in development of many previously abandoned tin fields and new 
resources in Malaysia. Belukar Semang, in the Upper part of Perak is one of new prospect that undergo exploration 
stages in the main purpose to determine a new resources of tin production. 
Previously, Gunung Paku which is located near to the Belukar Semang Prospect is one of the main, soft to hard-
rock primary tin mine that still in operation since 1874 in Malaysia.10, 16, 20, 27, 31 Gunung Paku primary tin deposit and 
nearby mines covering an area greater than 1500 acres have been operated by Rahman Hydraulic Tin Limited, 
incorporated since May 1907. The Klian Intan district, where Gunung Paku and Belukar Semang was located has been 
the center of sporadic tin mining for over 200 years prior to the turn of the 20th century by the Perak Rajas. The area 
was seized and put under Siamese government administration in 1820. The territory was reverted back to Perak under 
Anglo-Siames treaty with British colonials in 1909. 
This paper is aims to discuss the geology and the primary of tin mineralization of Belukar Semang prospect, Gerik, 
Perak. In order to determine a new resource, geochemical prospecting has been done at Belukar Semang prospect 
which is located, 25 km from Gerik Town. This exploration program was conducted by one of the mining companies 
based at Northern Perak. Belukar Semang prospect covered 2000 acre for this first stage of exploration. Mineralogical 
study and chemical analysis are involved in this first stage of exploration. 
Geologically, this prospected area of exploration lies within the Baling Formation. Burton6 concluded that the 
Baling Formation itself situated well within its area of outcrops, at approximately 100º 55’ East and 5º 40’ North and 
it occupies a total of some 103 square miles. 
From the mining history view, this prospected area is closer to the Rahman Hydraulic Tin Sdn. Bhd. which is 
located at Klian Intan that is also lies in the Baling Formation. Gerik town is 36 km from Klian Intan and the other 
nearby town is Pengkalan Hulu which is 16 km from Klian Intan. The Klian Intan area in Upper Perak has a long 
history of tin mining.  
Khoo20 gave an account of the tin mineralization exposed within Rahman Hydraulic Tin Berhad (RHTB) property. 
The tin-bearing veins exist in swarms localized within metasedimentary host rock. They have a considerable horizontal 
extent but their vertical extent is not known. In order to identify areas of mineral potential outside the RHTB property, 
a stream sediment geochemical survey was undertaken by Geological Survey of Malaysia. He also stressed on the 
basis of the geochemical values, mineralization and the local geology, the most area with greater potential are at Sg. 
Pong (near Belukar Semang) and upper reaches of Sg. Pahit.  
2. Tectonic setting and stratigraphy 
There are five distinct tectono-stratigraphic terranes that are recognized in Southeast Asia which accreted to each 
other in the Paleozoic and Mesozoic. The Southeast Asian Tin Belt is located both on the Sibumasu block (Sino-
Burma, Malaya and Sumatra) and on the East Malaya blocks. 12, 13, 15, 21, 22, 26, 31 
Four major granite belts are recognized in Southeast 2, 8-10, 14, 17, 18, 26:  
a. The granitoids within these belts (Tin Malay/ Indochina Terrain) mainly comprise biotite granite to 
hornblende-biotite granite/granodiorite and diorite-gabro. 
b. The tin deposits associated with biotite granite (184-230 Ma) that made-up Main Range Granitoid district in 
Peninsular Malaysia, Southern Peninsular Thailand and Central Thailand contribute over 55% of the tin 
production of Southeast Asia. 26 
c. The Main Range Province in Malaysia and southern Thailand is mainly mad-up of “S-type” Triassic granites 
comprises biotite and two-mica granites with initial 87Sr/86Sr ratios of 0.711-0.719. 4, 9, 14, 26 
d. Pre-Late Triassic folding with approximately N-S compression is recognized in Malaysia. 29 
 N.K. Sapari et al. /  Procedia Chemistry  19 ( 2016 )  729 – 736 731
Many of the primary tin resources had been subjected to deep and intense tropical weathering to form thick alluvial 
tin deposit. The Belukar Semang, Gunung Paku and neighbourhood tin deposits are located in the Main Range 
Granitoid district. 
3. Materials and analytical methods 
Several field works undertaken in the Belukar Semang tin mineralization exploration and its vicinity were made 
to study the general geology, mineralization feature and for sample collection. Mineralogical and geochemical 
analyses were conducted over selected samples from the site. Grab sample that represent mineralization features such 
as mineralized and barren quartz veins, alteration features and relevant rock types are collected from the different 
locations. Bulk composition of these materials (whole-rock, mineralized vein, and other suspected area), were 
mineralogically and chemically analyzed using a polarizing microscope, X-ray diffraction (XRD; and X-ray 
fluorescence (XRF). Bulk chemical composition were analyzed mainly for elements such as SiO2, TiO2, Fe3O4, MnO, 
MgO, MgO, CaO, Na2O, SO3, PbO, ZnO, MoO, NiO, Co, Cl, I, Ba, Sn, Sr, Rb, Sb, Ce, Nb, Cr, W, Au and etc. A 
variable pressure scanning electron microscope attached to EDX was employed to analyzed elemental composition 
and texture of mineral phases operated at 15kV. Composition analyses were conducted over selected identified spots, 
line scanning or area mapping, especially for trace minerals of the polished blocks. 
4. Geology and tin mineralization characteristics 
4.1. Granitoids of Malaysia 
The granitoids of Malaysia, Thailand and Burma have petrographical and geochronological features which 
permit them to be grouped into north-south elongate provinces or belts. The original concept developed by Hutchison 
15 has been successively modified in Cobbing et. al.9 
There are two major granitoid provinces that make up the geology of Peninsular Malaysia, namely The Late 
Triassic Main Range Granitoid and The Eastern Province Granitoid. 9, 10, 15  
The Late Triassic Main Range Granitoid Province is the most homogeneous unit. It is almost entirely made up 
of biotite granite which has typical S-type and ilmenite-series characteristics. The Main Range is located at the west 
of the Bentong-Raub suture in Peninsular Malaysia and extends north into Peninsular Thailand and central Thailand. 
Further north, it linked up with the granites of the Northern Province. 18, 21, 22, 26, 28 
The main Range and the Northern Province possess many similarities: (1) biotite granite is by far the most 
abundant rock type, (2) most plutons have a Triassic age and (3) tin deposit is associated with the intrusions 26. But 
the granitoids of the Northern Province are distinguished by abundant post-intrusion deformation, and much of the 
country has suffered a grade of metamorphism higher than greenschist-facies.The Eastern Granitoid Province located 
at east of Bentong-Raub suture in Malaysia, whereas it occurs on both sides of the Uttaradit-Nan Ophiolite Line in 
Thailand. It comprises Permian-Triassic granitoids which cover a wide compositional range from dominant 
monzogranite to very subordinate gabbro-diorite 1, 15, 17, 23. The Eastern Province has approximately equal amounts of 
I-type monzogranite (metaluminous hornblende-biotite granites) possible derived from igneous precursor rock and S-
type monzogranite (peraluminous biotite granite) with a metasedimentary protolith 1, 7, 11, 17, 25.  
Since tin mineralization in Malaysia is always partly associated with Main Range granite17, 25, 30 that became the 
spinal bone of the Malay Peninsula running in an N-S direction. These mineralized plutons are characterized by high 
concentrations of SiO2, K2O. Rb, Sn, Th and U, whereas the concentrations of Fe2O3, MgO, CaO, Na2O, Ba and Sr 
are low as are the of Fe2O3/FeO ratios. Tin mineralized plutons are also distinguished by high initial 87Sr/86Sr ratios 
and low magnetic susceptibilities. 26 
4.2. Geology of the Belukar Semang tin deposit and neighborhoods 
The general geology of the Klian Intan and its vicinity is given in Figure 1 which is nearer to the Belukar Semang 
Prospect. The area is mainly overlain with thick sequences of metasedimentary rock that belong to the Baling 
Formation of Paleozoic age. The Baling Formation comprises a variety of argillaceous metasediment strata including 
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chert and hornfels which cannot be arranged into strict stratigraphical succession, and mapable calcareous and 
argillaceous beds are predominant 6, 16, 19, 20. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the exploration site, this Paleozoic (Devonian-Ordovician) rock formation mainly comprises metasedimentary 
components of carbonaceous slate, carbonate rock, phyllite and occasionally quartzite. Minor local occurrences of 
silicified siltstone are found, especially near the higher ground. Slate and silicified phyllites are the main rock beds 
overlying the exploration area. The rock dips gently too steeply, especially along the N-S fault zone. 
The nearest pit that currently under mining operation is Gunung Paku (the depth of the pit is about 150 m) and in 
this mining phase, no granitoid intrusion has been found cropping out near the surface or in the drill holes. Kajang 
Pluton is the nearest outcrop granitic body of the Main Range Granite expose in the western part (500-1000m) of 
Gunung Paku. This is Mesozoic, possibly Upper Triassic, coarse-grained porphyritic biotite. Granitic rocks rich in 
kaolin are exposed at the base of Gunung Paku and Scrivenor27 postulated that the basement granitic rocks cannot be 
far from the surface elsewhere, especially those rich in tourmaline and soft kaolin that are typically associated with 
tin mineralization. Erosion and deposition, and follow-on mining activities contributed to the formation of the 
superficial deposits that comprise recent river alluvium and old alluvium. Generally, the schistosity of the 
metasedimentary rock at Gunung paku trends N-S is dips vertically. Piazza24 noted from aerial photographs that 
district lineaments are coinciding with prominent schistocity trend of the rocks in the study area. Joints are the common 
structural features occurring in most rock unit at Gunung Paku. There are three major sets of joints in Klian Intan. 
These are an east-west set, and ENE-WSW and WNW-ESE sets. These joints are extension joints (E-W set) and first-
order shear joints (2 sets) (ENE-WSW and WNW-ESE sets). The joints are usually almost vertical and only a few 
cases dip moderately at about 50º which are postulated to have formed contemporaneously. Much small scale local 
faulting note form Gunung Paku mine face, generally strikes in N-S direction. 
 
 
Fig. 1. Geological map of Gunung Paku tin deposit and Klian Intan area. 3 
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5. Results and discussions 
5.1. Ore minerals 
Figure 2 shows photomicrograhps of the selected tin and sulphide bearing quartz vein and ores from the prospected 
area. Some of the polished and thin section specimens generally contain cassiterite, pyrite, arsenopyrite, magnetite, 
pyrrhotite, chalcopyrite and chalcocite. EDX analyses (Figure 3) on tin-bearing mineralized veins also indicates 
significant presence of Fe-, Si-, Al-, and As-bearing minerals. 
Hand specimens of the tin ore derived from colluvial deposit are often brown, black and light yellow in color. The 
interstitial spaces are partially infilled with iron oxide and coated with amorphous materials. Cassiterite and pyrite 
often experience strong brecciation and interstices between fractured grains, in many cases, are infilled with pyrite. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.2. Major and trace elements 
The mineral chemistry of the Belukar Semang ore indicated that apart from major elements such as Fe, As, Ti, Sb, 
Ba, and Cu, other elements including Pb, Cr, Ti, Ba and Co were also significant. They normally occur as complex 
Fe-Cu-As-Sa-Pb bearing minerals phases in traces amount. Table 1 shows the chemical composition from the sample 
collected during the exploration program. The data present shows that the amounts of tin concentration are not really 
impressive. Out of 45 sample collected that has been tested under XRF method, only 12 samples that gives positive 
results with the cut of grade 0.011% wt of cassiterite. The data obtain from XRF give the first impression that this 
exploration phase should have be continued to next stage and find more anomaly. 
5.3. Alteration 
Wall rock alteration at Belukar Semang is characterized by the hypogene type alteration. Hypogene alteration 
consists of silicification, tourmalization, chloritization and kaolinization. The area of Belukar Semang seems to be 
related to tourmalization zone which tourmalization zone normally affects the wall-rock in contact with quartz-
tourmalization veins. Spotted secricization and chloritization that are associated with sulphides were visible in places 
accompanied with epidote, diopside and mica minerals together with tourmaline. An XRF analysis indicates that rocks 
associated with mineralized vein contain relatively higher K and lover Mg and Na content (Table 1). 
  
Fig. 2. A photomicrograph of selected tin and minerals that shows the presence of cassiterite minerals. 
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Sample 
(wt%) 
USM01 USM02 USM03 USM04 USM05 USM06 
Anomaly 
02-RC03 
CH016 
GS01 
CH017 
RC01 
CH023 
RC01 
CH023 
GS07 
CH023    
24-25m 
Na2O 
0.1362 0.1297 0.0935 0.0652 0.2204 0.0445 0.2591 0.0929 0 0.0479 0.1316 0.1409 
MgO 1.3779 1.3495 1.0939 0.9333 2.1808 0.8749 2.1377 1.6859 1.6073 0 1.078 1.0323 
Al2O3 18.3341 21.1986 21.2723 20.9518 15.6917 24.5398 8.1698 11.5662 13.738 1.8593 16.9987 17.0811 
SiO2 58.2075 60.5558 58.9574 63.3183 73.4042 61.1596 81.7039 81.1984 78.5589 30.6269 64.3806 64.2262 
P2O5 0.2579 0.2779 0.2776 2257 0.2008 0.2307 0.1972 0.0565 0.0234 0.2159 0.1768 0.1591 
SO3 0.1404 0.1011 0.0537 0.0343 0.0211 0.0588 0.2541 0 0.0321 0.2396 0.0797 0.085 
K2O 1.8664 2.7262 2.6229 3.3062 2.0191 2.2943 0.0528 0.0069 0.1642 0.0302 1.7806 2.0262 
CaO 0.1886 0.1549 0.1103 0.0575 0.3211 0.0674 0.2806 0.1855 0.0498 0.0662 0.1305 0.0872 
TiO2 0.539 0.6243 0.6099 0.528 0.4997 0.6541 0.3038 0.2932 0.3822 0.1605 0.4683 0.4726 
V2O5 0.40428 0.0566 0.0653 0.072 0.0488 0.068 0.0439 0.0314 0.0331 0 0.0363 0.0385 
Cr2O3 0.0685 0.0826 0.0765 0.1021 0.0531 0.0856 0 0.0367 0.0575 0 0.0638 0.0802 
Table 1. Chemical composition of the sample collected during exploration stage at Belukar Semang by using XRF technique 
A B 
C D 
Fig. 3. EDX analyses. Figure (A), (B), (C) and (D) shows the presence of Fe-, As- Al- and Sn-bearing minerals on the 
selected sample. 
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6.  Conclusion 
The tin mineralization pattern at Belukar Semang was not clearly obtained. More data collection and detailed 
exploration must take place in order to have high confidence in the tin mineralizations at Belukar Semang as one of 
the resources that are economic to be mined. The sources of tin mineralization were not well known. Cassiterite is 
mainly mine from the oxide zone that comprises soft and hard rock overburden by using open cut mining technique. 
The characterizations of the vein are as barren quartz veins, tourmaline-cassiterite quartz veins and complex sulphide 
tin-rich quartz veins. Arsenopyrite, pyrite, hematite, pyrrhotite and chalcosite are some metallic mineral associated 
with tin mineralization. 
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